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14. A trench MOSFET transistor device comprising: 
a silicon drain region of N-rype conductivity; 

a silicon body region of P-type conductivity provided over said drain region, said drain 
region and said body region forming a first junction; 

a silicon source region of N-rype conductivity provided over said body region, said 
source region and said body region forming a second junction; 

source metal disposed on an upper surface of said source region, 

a trench extending through said source region, through said body region and into said 
drain region; and 

a gate region comprising a silicon dioxide layer lining at tcasi a portion of said trench and 
a doped polycrystatlme silicon region wirhin said trench adjacent said silicon dioxide layer, 
wherein (a) said body region is separated from said source metal by said source region, (b) said 
source and drain regions comprise the same doping material, (c) said source and drain regions 
have peak net doping concentrations that are greater than a peak net doping concentration of said 
body region, and (d) a doping profile along a line normal to upper and lower surfaces of said 
device is such that, within said body region and within at least a portion of said source and drain 
regions, the doping profile on one side of a centerpfane of the body region is symmetric with The 
doping profile on an opposite side of said centerplane. 

In brief, it is the Office's contention that, while Mogi et al may not teach 
limitation "(b)" in claim 1 (and hence limitation "(d)" in claim 14), Vinson docs teach 
this feature ^or the specific purpose of retaining electrical symmetry,'* See Office 
Action at p. 4. The Applicants respectfully traverse this rejection, and their supporting 
remarks follow. 

In order to establish a prima facie case of obviousness under 35 U.S.C. 103, the 
references, when combined, must teach or suggest all limitations of the claims. 
Moreover, there must be some suggestion or motivation to modify/combine the 
references. See MPEP §2143. 

The references, however, do no not teach or suggest all limitations of claims 1 and 
14. For example, Vinson is directed lo a VMOS field effect transistor for a dynamic 
memory cell. Fig. 1 is directed to what Vinson refers to as a typical V-MOS field effect 
transistor. Vinson notes that layer 1 4 within this structure is P-type with a graded dopant 
concentration profile. Col. 2, lines 56-57. Vinson further notes that "[bjecausc this 
graded-concentration profile region 14 exists in the MOS transistor channel, it will 
control the threshold voltage of that transistor and give that transistor asymmetrical 
electrical characteristics." Col. 2> lines 57-61. 

Vinson goes on to propose the device of Figs. 4A-4C, in which "the channel 
region does not have a graded concentration profile and therefore will have symmetrical 
electrical characteristics." Col. 4, lines 36-39 (emphasis added). 
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The Office Action asserts that lt the doping profile (characterized by constant 
doping concentration) on one side of a center plane of the body region is symmetric with 
the doping profile on an opposite side of the center plane." In this connection, it is noted 
that the portion of Vinson referred to in support of this statement, col. 6, lines 28-32 reads 
as follows: "Such a field effect transistor can be achieved without the formation of a 
graded dopant concentration in the channel between the source and drain areas of the 
transistor, thereby retaining electrical symmetry." Thus, Vinson is refers only to the 
dopant concentration in the channel between the source and drain regions i.e., in the 
body region. 

Claims 1 and 14, on the other hand, both require "a doping profile ... such thai, 
within said body region and within at least a portion of said source and drain regions, 
the doping profile on one side of a ccntcrplane of the body region is symmetric with the 
doping profile on an opposite side of the center-plane." (Emphasis added.) 

Vinson, on the other hand, does not teach or suggest that the "symmetry*' (i.e., 
constant doping) of the p-type body region described therein should extend into the 
source and drain regions, and Vinson makes no attempt to control the doping profiles 
within the source and drain regions such that at least a portion of the source region is 
symmetric with at least a portion of the drain region. Note that Vinson uses two 
fundamentally different techniques to form the source and drain regions: diffusion to 
form the drain 25 (see col. 3, line 25) and ion implantation to form the source 32 (see col. 
4, lines 23-27). 

For at least the above reasons, it is respectfully submitted that Mogi et ah and 
Vinson, even when combined, do not leach or suggest all of the limitations of claims 1 
and 14. 

Moreover, there is no motivation to combine the teachings of Vinson with those 
of Mogi et ol. The teaching or suggestion to make the claimed combination must both be 
found in the prior art, not in applicant's disclosure. See MPEP §2143. 

For at least the above reasons, it is respectfully submitted that independent claims 
1 and 14 are patentable over Mogi et al. and Vinson. Claims 2-4, 6-8, 10-13, 15 and 16 
depend, either directly or indirectly, from claims 1 and 14 and are therefore patentable 
over Mogi et al. and Vinson for at least the same reasons as claims 1 and 14. 
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Accordingly., Applicants respectfully request reconsideration and withdrawal of 
the outstanding rejection of claims 1-4, 6-8 and 10-16 over Mogi et al. in view of Vinson. 

B. Rejection of Claim 5 under 35 U.S.C. 103(a^ 

Claim 5 is rejected under 35 U.S.C. 1 03(a) as being obvious over Mogi et al. in 
view of Vinson and further in view of Seki (U.S. Patent No. 5,025,293). This rejection is 
respectfiilly traversed for the following reasons. 

As indicated above, claim 1 is patentable over Mogi et al. and Vinson, at least in 
that there is no motivation to combine the teachings of Mogi et al. and Vinson et al. 
Moreover, even if combined, Mogi et al. and Vinson do not teach or suggest all 
limitations of claim 1 . For example* Mogi et al. and Vinson neither teach nor suggest "a 
doping profile . such that, within said body region and within at least a portion of said 
source and drain regions, the doping profile on one side of a centerplane of the body 
region is symmetric with the doping profile on an opposite side of the centerplane." Seki 
does not make up for these deficiencies in Mogi et al. and Vinson. 

Therefore, claim 1 is patentable over Mogi et aL, Vinson and Seki as well. Claim 
5 depends indirectly from claim 1 and is therefore patentable over these references lor at 
least the same reasons as claim 1. 

Accordingly, Applicants respectfully request reconsideration and withdrawal of 
the outstanding rejection of claim 5 over Mogi ct al. in view of Vinson and further in 
view of Seki. 

C. Rejection of Claim 9 under 35 U.S.C* 103(a) 

Claim 9 is rejected under 35 U.S.C. 103(a) as being obvious over Mogi et al. in 
view of Vinson and further in view of Wolf et al. (ISBN 0-9616721-6-1). This rejection 
is respectfully traversed for the following reasons. 

As indicated above, claim 1 is patentable over Mogi et al. and Vinson, at least in 
that (a) theTe is no motivation to combine the teachings of Mogi et al and Vinson et al. 
and (b) even if combined, Mogi et al. and Vinson do not teach or suggest all limitations 
of claim 1. Wolf et al. does not make up for these deficiencies in Mogi et al and Vinson. 
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Therefore, claim 1 is patentable over Mogi el al M Vinson and Wolf ct al. Claim 9 
depends indirectly from claim 1 and is therefore patentable over these references for at 
least the same reasons as claim 1. 

Accordingly* Applicants respectfully request reconsideration and withdrawal of 
the outstanding rejection of claim 9 over Mogi ct al. in view of Vinson and further in 
view of Wolf et al. 



CONCLUSION 

Applicants submit that claims 1-1 6, 25 and 26 are presently in condition for 
allowance, early notification of which is earnestly solicited. Should the Examiner be of 
the view that an interview would expedite consideration of this Amendment or of Ihe 
application at large, request is made that the Examiner telephone the Applicant's attorney 
at (703) 433-05 10 in order that any outstanding issues be resolved. 



FEES 

The Office is authorized to charge any fees required, including the SI 10.00 fee for 
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Version With Markings To Show Changes Made 
IN THE CLAIMS: 

17. A m e thod of form i ng a trench MOSFET transistor do v icu comprising! 

providing a drain r e gion of firot oonductiviiy typ e ; 

providing a body rogion uf u u ccund conductivity typo ov o r s aid drain r e gion, said 
drain r e gion and raid bod) 1 region forming a first junction; 

providing a sourc e r e gion of said first conductivity typ e ov e r said body r e gion, 
said source region and said-bod y rogion forming a s e cond junct i on; 

forming a trench that e xtends through said source region, through oaid body 
rogion and into said drain region; 

forming an insulating layer ov e r at l e a s t a portion of said tr e nch; 

providing q conductiv e r e gion within naid tr e nch adjac e nt oaid insulating lay e r; 

providing souroo mora l on an uppof ourfnoo of oaid oouroo rogion, 
said mothod b e ing porform e d such that (a) said body region is separated from oaid 
source m e tal, and (b) a doping profile along a lino normal to upper and iowor ourfaoog of 
said dovioo io ootahliohod in whioh, within s aid body region and within at least a portion 
of said s ouroo and drain regions, tho doping profile on one aide of a o o ntorplone of th e 
body r e gion is symm e tric with th e doping profil e on an oppo s it e s ide of the oonterplan e . 

1 8 , Thc method of claim 17, wherein oaid drain region, said body rogion and said sourc e 
region arc provid e d by a m o thod comprising: 

providi ng a aub utrate of first conductivity typ e ; 
depositing an epitaxial lay e r upon said sub s trate; and 
performing a sourc e dopant ion implantation step and a body dopant inn 
implantation atop ouch that th e p e ak of th e body dopant after implantation io one - half of 
the distance from the peak of tho oouroo dopant to the p e ak of the drain dopant, 
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10. Tho method of claim 17, wherein said drain region, said body r e gion and said sourc e 
r e gion ar e provid e d by a m e thod Q omprioingi 
providing a - substrat e of N - typ e oonduotivity; 
implanting a first dose of - P - typ e body dopant into said substrat e ; 
dopooiting on N typo e pitaxial lay e r ov e r th e implant e d substrat e ; 
implanting a s e cond do s e of P typo body dopant into oaid e pitaxial lay e r; and 
implanting an N typ e sourco dopant into said epitaxial layen 

20 .Th e m e thod ot* claim 17, wh e r e in aaid fiFat conductivity type ia N - typc conductivity, 
wh e r e in said s e oond conductivity typo ia P typ e oonduotivity, and wh e r e in said draw 
region, aaid body region and said sourc e r e gion ar e provided by a method compri s ing: 

providing a substrat e of N typ e oonduotivity; 

d e positing an e pitaxia l lay e r ovey oaid substrat e ; 

implanting bo r on into said e pitaxial layer; 

growing an oxide layer on a surfac e of said e pi taxia l layer; and 

implanti ng on N typ e source dopant into oaid e pitaxial lay e r. 

31 .The method of claim 1 7, wh e r e in said drain region, said body region and said sourc e 
r e gion ore formed by a method onmprifling i 

providing a flubotrot e of fir s t conductivity typ e ; 

dopooiting an e pitaxial layor of second conductivity type ov e r s aid sub s trat e ; and 
implanting oouro e dopant of first conductivity typo into said epitaxial lay e r: 

2 2. Tho method of olaim 17, whorein said body region and said s ourc e r e gion ar e form e d 
prior to trcmoh formation. 

2 3. Tho m e thod of claim 1 7, wh e r e in said body region is formed before trench formation 
and said, uoure e r e gion i s fanned after trench formation. 

34, Thc method of claim 17, 

wh e r e in oaid drain, body mid sourc e rcginn -i are flilioon regions. 
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wher e in said in s ulating loyor is a ailioon dioxide layer, 
wh e r e in go id conductiv e region io -a dop e d poly crystal lin e silicon region, 
wherein said foot conductivity typ e is N - typ e oonduotivity ^ 
wh e r e in s aid oooond oonduotivity typo is P - typ e oonduotivity, 
whoroin said sourc e and droin r e g i ono comprise th e same dop i ng mat e rial, and 
wh e r e in said oouroo and drain region s hav e p e ak n e t doping oonoontrationa that 
aro greater than a peak net doping conc e ntration of said body region. 

25. The trench MQSFET transistor device of claim 1 . wherein said trench MQSFET 
transistor device comprises a plurality of source regions which are shorted to one another. 

26. The trench MQSFET transistor device of claim 1 4, wherein said trench MQSFET 
transistor device comprises a plurality of source regions wh ich are shorted to one another. 
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